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RAtMATIVE TRANSFER BASED SYNERGISTIC MODISIMER ALGORITHM

, FOR THE ESTIMATION OF GLOBAL I-Al& FPAR

I ~~
RANGA B. MYNENl

GOAL

Develop and Implement a RT based Algorithm for

Leaf Area Index (LAI)

Fraction of PAR absorbed, by Vegetation (FPAR)

Accuracy: 0.5 LAI & 0.1 FPAR

Spatial Resolution: 1 km & 1 X 1 degree

Temporal Frequency: 5-7 days & 1 month

LOOK-UP TABLE METH6D with ancillary static data layers

- potential MODIS/MISR Synergy

with MODIS-only flexibility

BACK-UP ALGORITHM

VEGETATION INDEX BASED

Robust (always meets the minimum accuracy)

DEFINITION PHASE algorithm fksibitiiy

EXECUTION PHASE impiementatkm & validation
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diative. ‘l&p#er ~ Vegetation Media: A horizontally heterogeneous vegetation canopy of ~
7
Jc by a flat and arnsotroplcally reflecting soil surface is considered. Specifically, W(bOu@h5d :
;al sohkion to the following boundary value problem,,.

[Q* ;+ C(F,Q]I(F’, Q) =
/

d@$’(F, &@I@, Q’)
47T

~(oj P’, Q) = IE exp
[1
–fi J(Q– QJ+.L@), /J <o,

I(zc, j,g = :~T ‘ (-dQ & p, Q’-@\p’lI(Zc,jQ’) , p’ <0, p “>O ,

- discrete ordinates method

quadrature in angle

finite difference scheme for spatial derivative

solution by iteration on the scattering integral & its acceleration

- aiibws proper boundary conditions

- ~Ri@i&-iaterai heterogeneity

- ihciudes hot spot effect& specuiar reflection from ieaves

. mutuai shadowing between crowns

- validated

benchmark solutions

crop canopies

grasslands

shmblands

broadkaf and needle forests

JQSRT, 1988; TTSP, 1990, JQSRT, 1993; ~EE TG~S 1*?
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I s,@ace spectral bidimctiti Akda.nces
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calibrated,..
atmosphere-corrected

Known:

illumination & viewing geometry

spectral bandwidths & instrument response functions

estimate LAI & FPAR

ANCILLL4RY DATA LAYERS

BIOME TYPE

leaf optical properties & some s@uctural variables

GROUND COVER

SOIL REFLECTANCE

(directional-hemispherical spectral reflectance)
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GLOBAL BIO~ CLASSIFICATION CAMPAT18.LEWUH RAPIATWE TRN!iSFER

Biome 1 Biome 2 Biome 3 Biome 4 Biome 5 Biomt

Grasses & Shrubs BroadIeaf Savanna Broadieaf Ned

Cereal Crops Crops Forests Fores

Horizontal Heterogeneity
(ground cover)

~ertical Heterogeneity

“(leaf o@ics & LAD)

Stems/Txunks

Understorey

,... .
~Foliage Dispersion
.-

Needle Clumping
. on Shoots

.

_CrownShadowing

,.
:%-
~$ckground Type

no low

no no

no no

no no

minimal random
clumping

no no

no yes

medium bright

variable low yes yes

(0/s)

no yes yes yes

no 0/s yes yes

no biome 1 yes yes

no

no

dark

regular minimal clumping severt
clumping (u/s), clumpi

no no yes

no yes yes

medium dark dark
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.WG=ATION INDEX BASED*** “.-
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- simple

- robust

- biome specific

- sun angle specific

- background specific

Figuw 5a (I%ivate communication from Running, 1995)
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Figure 5b (Asrar et al., 1984)
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M-up Table Based Approach to LAI & FPAR Estimation From Rem?te Observations

-ement
kfanmation

Time

LOcation

sun angles

view angles

Look-up Table

LAI & EPA.R

i=l

i=2

I;, .
.

.

i=n —

Modelled
Refhxtmxs

jk

%
~ jk

~

.

.

.

~ jk
n

I
i. i : LAI discretization

L j : spectral index

AnciJliary Information About the Surface

Land cover ~
life-form, leaf orientation,

phenologica.1 state, woodiness, etc

estimated from nadir MISR
Ground cover ~ measurements

or a \regetation index

Background _ stdtic table
reflectance

I

I /

r : measured reflcxtances

) : average over jk

1

r-



EXISIT~TG VS PROPOSED APPROACHES

MODELING OF REMOTE SEiWNG OBSEFWATIONS
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! Parameters Input Varlab!es

Vegetation Land Cover type
Leaf Optical 130pertles

Ground cover
Flant Leaf Prea Index

Background Optical ~opeftles
(reflectance)

Solar Zenith, Azimuth

Land Coven Broad leaf. Needle Ieof, Gross
Leaf O Hccsl Properlles: Reflectance, Transmlttonce
Gmuncf’Covet Rcm~e:10-103, Interval: 10%
Ffant W: RonDe: 1- 0. kdervak 2

Model &

CPNOPS’
RADIATIVE

+ TRANSFER ~ BRF - L~a:l:p

MODEL

I
-J

Radtaltve Tronsfer model of Mynenl et aLl$92
BRF E?-dlrecfbnal Reflectance ,%ctor

\l Vegeto:lon Index
F?N2 Ffcsctlon of /@sorbed PAR

Background: dark (clay, orgonlc, Ittter), Bright (sand, oxldlzed SOILS)
Zenith: Ronge: GW, Interval: 10
Pdmuth Ronge: Q19~. Intewal: 20

k--,.p;
back-up & main algorithmsE..

g% ,.
~ +~reflectzmce based main algorithm

,,,=~.:.;x.-...
‘-: utilizing spectral and angular variance

::$2:+improved land cover class ifkation

;--
mracterization of ground cover

#’%w!thMISR

hwicallv based method with some estimate of accuracy/error

I



SCHEDULE OF ACTMTIE!
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Version 1 Coding& delivery on schedule (June 1996) UMT

Continued RT model development& validation UMD

LOOK-UP TABLE research issues ~D Version 2 (mid 1997;

- grid interval

- testing at smaller spatial scale (FIFE, BOREAS ...)

.—

Demonstrating the feasibility of the Algoritis by developing prototy~ LAWPAR
data sets from AVHRR Land Pathfinder 1 data

MODIS/M3SR Synergy Issues UMD

Improved Biome Type Charactetiation UMTIUMD

for LAUFPAR Estimation

ALGORITHM IMPLEMENTATION

INTERA~IOIW WITH SDST

FIELD STUDIES (Parameteri=hon)

VALIDATION ACTIVITIES
(Insmment Team) UMT

UNID
THEORY
ALGORITHM DEVELOPH

(scientific coding deliveu to UMT)

MODIS/MISR INTEGRATION
SENSITIVITY & ERROR ANALYSIS

I. T. Validation Activities

UMT/UMD

~ Post-Launch


